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Comparison of Flavor Thresholds of Aliphatic Lactones
with Those of Fatty Acids, Esters, Aldehydes,
Alcohols, and Ketones '

Abstract

T. J. SIEK, L. A, ALBIN, L. A. SATHER, and R. C. LINDSAY 3

Taste thresholds at 509, detection of 10
of the more prevalent naturally oceurring
y- and d-lactones were measured in water.
Several lactone thresholds were determined
in deodorized butter oil. Water thresholds
of the lactones were compared with those
of homologous series of ethyl esters, methyl
ketones, free fatty acids, aldehydes, and

aleohols.

Relatively low thresholds were

observed for vy-lactones, and for some of

the esters and aldehydes.

Introduction

The aliphatic y- and §-lactones oceur naturally
in many food produects. Keeney and Patton
in 1956 (16) first isolated S-decalactone from
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y-Lactones
Hexalactone
Heptalactone
Octalactone
Nonalactone
Decalactone
Undecalactone

Ethyl esters
Formate
Acetate
Butyrate
Hexanoate
Octanoate
Decanoate
Dodecanoate

Normal methyl ketones
Acetone

2-Butanone
2-Pentanone
2-Hexanone
2-Heptanone

2-Octanone
2-Nonanone
2-Decanone
2-Undecanone
2-Tridecanone

8-Lactones )
Octalactone
Decalactone
Dodecalactone
Tetradecalactone

Normal aldehydes
Pentanal
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heated milk, and demonstrated it in evaporated
milk, dried eream, and dried whole milk, It
has been reported that lactones increase during
processing of raw milk for various dairy prod-
uets (17, 28). Dimick et al. (7) found 8-lactones
in several animal fats, and lactones have been
reported in autoxidized vegetable oils (8).
Gamma- . and §-lactones also have been re-
ported in apricots (26), peaches (26), pine-
apples (26), raspberries (22), and coconuts
1).

While lactones have been implicated in off-
flavors of dairy products (16, 25), they also
contribute desirable flavors to products such as
butter (6). Several patents have been acquired
for adding various lactones to margarine (4,
5, 27). .

The purpose of this paper is to report more
data on the flavor intensities of common -
and §-lactones, and to compare them with the
flavor intensities of compounds in other aliphatic
classes.

Experimental Methods

Compounds used in this study and purified
to more than 99.89, by methods previously
reported (23) are as follows:

Hexanal Butyrie
Heptanal Hexanoic
Octanal Octanoie
Nonanal Decanoic
Decanal
Undecanal Normal alkanols
Dodecanal Ethanol

: 1-Propanol

Normal 2-alkanols 1-Butanol
2-Propanol 1-Pentanol
2-Butanol 1-Hexanol
2-Pentanol 1-Heptanol
2-Hexanol 1-Nonanol
2-Heptanol 1-Decanol
2-Nonanol
2-Decanol

Fatty Acids
Acetie
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TaBLE 1. Taste thresholds of y- and §-lactones
in water and deodorized butteroil.

Threshold Threshold
in water? in oil
Carbon
number Gamma Delta Gamma Delta
(ppm)
6 13.0 — 8.0 —
7 0.52 —_ 34 —
8 0.095 0.57 35 3.0
9 0.065 —_— 24 —
10 0.088 0.16 1.0 14>
11 0.025 — 093 - —
12 —_— 0.10 —_ 95.0
14 —_ 9.8 —_ 500.0

a Keith et al. (15) reported 0.40, 0.090, and
0.15 ppm for the gamma-Cg-, Cy4-, C1;-lactones
and 1.0 ppm for delta-dodecalactone.

b From Siek et al. (23).

Slightly water soluble lactones, generally
those with more than 5 carbons, were dissolved
in aqueous solutions by the method of Guadagni
et al, (9). The compound was first dissolved
in ethanol and then diluted with water to the
desired concentration. The ethanol after dilu-
tion was below 70 ppm, which in our studies
was sub-threshold.

Details of conducting the taste tests in both
water and deodorized butteroil have been given
(23). Prior to determination of taste thresholds

by a 20-member panel, one or more preliminary
tests were conducted to find approximate
thresholds. Thresholds were obtained by plotting
positive responses (panelist could taste com-
pound) against concentration. The concentra-
tion at which 509 of the panel detected the
compound (uncorrected for chance level ex-
pectation) was designated the taste threshold
(21).  Preliminary studies showed that econ-
sistent results could be obtained by testing
over a 10- to 40-fold range between the high
and low concentration samples.

Results

Thresholds for 2 homologous series of lactones
in water and oil are in Table 1. The data
show that chain length being equal, oil thresh-
olds are higher than water thresholds (an
exception is y-hexalactone), and that detection
thresholds in water for 4-C-8 and -C-10 lactones
were lower than for the §-C-8 and -C-10
lactones. Reproducibility was ascertained by
repeating 2 or 3 times (not counting pre-
liminaries), tests of 12 compounds which had
low thresholds. The normalized standard devia-
tion was 1.00 == 017; thus the expected
standard deviation for a given threshold in
Table 1 would be approximately =+ 17%.

Results of threshold measurements by the
20-memebr panel for some aliphatic compounds
other than lactones are in Table 2. Values from
the literature are included in Table 2 for a
more complete evaluation.

TaBre 2. Taste thresholds of several classes of normal aliphatie volatile compounds in water—

509 detection level.

Ethyl Free fatty Normal Normal Normal Normal
Carbon esters acids aldehydes  alkan-2-ones : alkanols alkan-2-ols
(ppm)

2 — 22 1.2b — 200 —

3 6.62 — 0.430 450 45 190

4 6.6 6.2 0.19° 60 75 51

5 — — - 0.070 2.3 45 85

6 0.015 15 0.015 0.93 25 6.7

7 — — 0.031 0.65 0.52 0.41-

8 0.012 5.83 0.047 0.15 — —

9 — — 0.045 0.19 0.086 0.28
10 0.032 3.5¢ 0.010 0.19 0.18 0.33
11 — — 0.014 0.45 — —
12 0.49 — 0.011 — — —
13 — — — 0.50 — —
14 0.33 — 0.064 — — —

2 Bthyl formate (all C atoms numbered, ie., Cg is ethyl but'ylr'ate)‘.'
b From Honkanen et al. (11) in milk. Their value for pentanal was 0.13.
¢ From Patton (20); his values for butyrie and caproic acids were 6.8 and 5.4.

4 From Lea and Swoboda (18).
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Discussion

Often close agreement of flavor thresholds
between laboratories is not achieved, since each
panel conduets flavor tests under different
conditions. The flavor potency of lactones in
Table 1 may be compared directly with several
. types of nonlactones in Table 2, since the
compounds were evaluated similarly.

Water thresholds of our 4 lactones have been
reported by Keith et al., (15). With the excep-
tion of vy-decalactone, their values are from
4 to 10 times greater. These differences are
probably due to differences in testing procedures
and evaluation of results. The quantitative
literature values for lactones in milk fat are
summarized in Table 3. The lactone levels
reflect prior heat treatments of the milk fat
samples, and thus represent a potential con-
centration range in milk fat. Comparing the
data in Table 3 with those in Table 2, it is
evident that several of the y- and 8-lactones
should be important in milk fat flavors. The
lactones would be especially important if
significant flavor interactions were involved.

The lower taste thresholds in water compared
with oil observed in our study have been
reported by Patton (20) and by Lea and
Swoboda (18). Odor thresholds, expressed in
parts per million of dissolved odorant, also
depend on the solvent used. Jellinek (13) noted
a solvent effect with perceived odors; he dis-
cussed his findings in terms of intermolecular
dipole-dipole, induetion, and London dispersion
forces between solvent and odorant. The rate of
diffusion of odorant molecules to the surface
to replace evaporated molecules (considering
an open system) would be of primary impor-

TaBLE 3. Summary of repofted concentrations
of y- and 8-lactones in milk fat.

Lactone in milk fat

Jurriens Siek and
Carbon and Oele XKinsella Lindsay
number (14) etal. (17) (24)
(ppm)
Gamma- ,
10 0.6 1.2 0.10
11 0.2 0.5 0.05
12 1.8 1.6 0.3
Delta-
8 —_ 2.6 0.40
10 9.0 15.0 2.0
11 0.6 0.7 0.10
12 28.5 35.0 5.0
14 21.5 34.0 4.0

tance in very dilute solutions. This diffusion
rate would be considerably lower in highly
visecous butteroil than in water. The rate of
evaporation of odorant in water would depend
primarily on intermolecular hydrogen bond
strengths; in oil other intermolecular inter-
actions (dipole-dipole, induction, and London
forces) in addition to hydrogen bonds would
retard evaporation.

Table 4 lists several compounds by volatility
with their respective thresholds. Vapor pres-
sure data in Table 4 were compiled from the
Handbook of Chemistry and Physics (10), the
International Critical Tables (12), and Othmer
et al. (19). Boiling points of y-valero-, -
capro- and y-decalactone and 3-tetradecalactone
have been reported (3, 10, 11). With these
lactones as references, boiling points of other
lactones were estimated from gas chromato-
graphic data on Apiezon M. It was noted on
this eolumn that the boiling point was propor-
tional to the log retention time for each of
the different homologous series. Latent heats
of vaporization for lactones were also esti-
mated. The order of compounds in Table 4
(in order of decreasing vapor pressure) would
not be significantly changed by possible errors
in the estimates.

TaBLE 4. Vapor pressures and thresholds of
various normal aliphatic compounds containing
from 6 to 14 carbon atoms.

Vapor

pressure
Compound at 40C Threshold®

(mm Hg) (ppm)
Ethyl caproate 6.6 0.012
n-Octanal 55 0.047
n-Hexanol 3.3 25
2-Octanone 2.9 015
Ethyl caprylate 16 0.032
2-Nonanol 0.78 0.28
2-Decanone 0.74 0.19
y-Caprolactone 0.50 13.0
n-Decanal 0.46 0.010
Ethyl caprate 0.30 0.49
n-Nonanol 0.24 0.086
vy-Octalactone 011 0.095
8-Octalactone 0.072 0.57
y-Nonalactone 0.052 0.065
2-Tridecanone 0.031 0.50
n-Tetradecanal 0.030 0.06
y-Decalactone 0.017 0.088
3-Decalactone 0.012 0.16
3-Dodecalactone 0.002 9.8

2 Thresholds from Tables 1 and 2.
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The data in Table 4 show, in agreement with
many previous publications, that no simple
relationship exists between flavor thresholds
and volatility. For comparable vapor pressures,
aldehyde thresholds are much lower than methyl
ketone thresholds. Assuming the carbonyl
group interacts with the receptor, steric effects
must ‘be considered in comparing an aldehyde
and a methyl ketone. Ring size in relation to
receptor site fit might explain y- and 8-lactone
threshold differences. The disparity between
thresholds of ethyl esters and lactones, which
are internal esters, at comparable vapor pres-
sures further emphasizes that molecular size
and stereochemistry ean be important, as indi-
cated by Amoore (2).
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